Abstract. The mechanical behaviour of homogeneous and inhomogeneous FSW aluminium tailored blanks is analysed in this paper. The heterogeneity in mechanical properties across the different weld zones is discussed based on hardness testing results. Tensile and formability test results are also shown and the mechanical behaviour of the welds is discussed in relation to the base materials. Despite the hardness tests have indicated very small differences in hardness, between the welds and the base materials, and the tensile test results also showed similarities in mechanical behaviour, the formability tests revealed additional difficulties in forming the welded sheets.
Introduction
Friction Stir Welding (FSW) is a solid state process in which a cylindrical-shouldered tool, with a profiled threaded/unthreaded pin ( Fig. 1.a) , is rotated and dislocated at a constant speed along a joint line between two plate materials. The parts have to be clamped rigidly in a manner that prevents the abutting joint faces from being forced apart ( Fig. 1.b) . The length of the pin is slightly less than the weld depth required and the tool shoulder should be in intimate contact with the work surface. The weld tool is then moved against the work, heating both materials and mixing them, in the weld zone ( Fig. 1.c) , by plastic deformation. Due to its characteristics, FSW of aluminium alloys can be an important acquisition for the automotive industry. In fact, this welding process is probably the solution to overcome some of the usual problems associated with the fusion welding of this type of materials, but it is also an important step in nowadays environmental concerns, by the possibility of reducing material waste and avoiding radiation and harmful gas emissions usually associated with fusion welding processes [1] . However, to apply aluminium alloys, welded by FSW, in one of the leading areas of automotive industry, such as the deep drawing of Tailor Welded Blanks (TWBs), important information is still required both on FSW parameters for joining aluminium thin sheets, and on the mechanical characterization of the solid state welded blanks.
In this work, homogeneous and inhomogeneous FSW tailored blanks obtained by joining two aluminium alloys currently used in the automotive industry (AA 5182-H111 and AA 6016-T4) are analyzed. The base materials were previously tested in order to completely characterize its formability behaviour [2, 3] . The mechanical behaviour of the welded blanks is analysed in this study and compared with the homogeneous base materials behaviour. The heterogeneity in mechanical properties, across the different weld zones, was assessed by hardness testing. Tensile tests were also performed in order to determine if there is any influence of the weld on the macroscopic uniaxial behaviour of the tailored blanks. Finally, the formability of the tailored blanks and the homogeneous base materials was studied by stamping Axisymetrical Cylindrical Cups in a laboratorial deep drawing device, specially developed to work in a classical tensile test machine.
Experimental Procedure
Friction Stir Welded tailored blanks were done on 1 mm thick plates of two aluminium alloys (AA 5182-H111 and AA 6016-T4). FSW was carried out with a 10 mm shoulder diameter tool with a threaded pin of 3 mm in diameter and 1 mm in length (see Fig. 1 .b). The welding conditions were: 1800 rpm rotation speed (ϖ ϖ ϖ ϖ), 160 mm/min travel speeds (v), 0.9 ~1 mm tool penetration and 2.5º tool angle. The welds were performed considering similar and dissimilar combinations of the two alloys. The samples extracted from the similar welds 5182-H111/5182-H111 and 6016-T4/ 6016-T4 were labelled as S55 and S66, respectively, and the dissimilar weld samples 5182-H111/ 6016-T4 as D56.
Hardness measurements were performed transversely to the weld direction, for all the welds, using load values optimized according to the base materials under analysis: 50g for the AA 5182-H111 alloy and 100 g for the AA 6016-T4 alloy.
Tensile tests were carried out using several specimens removed from the welded sheets, transverse to the welding direction. Tailored blanks and base materials formability was analysed by Axisymetrical Cup deep-drawing testing. The stamping tool, shown in Fig. 2 , was developed to perform these tests in a standard universal tensile test machine. To apply and maintain the force in the blank-holder, 10 calibrated springs were used. One of these springs is equipped with a 10kN force sensor in order to verify if the blank holder force remains stable during the test. of QUAKER N6130 oil per blank face using a pre-impregnated paper weighted before and after the application. The admissible error on lubricant weighting was less than 5 %. In order to compare its formability behaviour, the base materials and the tailored blanks were tested using the same testing conditions: 100 mm/min punch speed and 8kN clamping force.
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Results and Discussion
Hardness tests. The hardness profile evolution across the welds is shown in Figs 3a, 3b and 3c for the S55, S66 and D56 samples, respectively. All the results were verified by performing, for each type of sample, hardness measurements in several positions along the welding directions. The horizontal black line in each graph represents the average hardness determined for each base material (71 HV0.05 for the AA 5182-H111 alloy and 67 HV0.1 for the AA 6016-T4 alloy). The weld limits, corresponding to the under tool shoulder area, are delimited in each graph by a vertical grey bar. In the graph of Fig. 3 .c, relative to the D56 sample, the hardening profile in each base material side (AA 5182-H111 alloy on the left side of the weld and AA 6016-T4 on the right side) was plotted with hardening values determined, for each material, by using its corresponding optimized hardness load. The hardness measurements in the weld area were performed by using a hardness load that is an average of these two optimum loads (75g).
The results plotted in Figs. 3.a and 3 .b shown very small differences in hardness between the welds and the base materials, for both similar welds, which indicate that the FSW process induces very small changes in mechanical properties in the weld zone for this type of materials. For the D56 dissimilar weld (Fig. 3.c) it is possible to observe a smooth hardness transition in the weld zone, with average values falling between the average hardness values characteristic of each base material. Tensile tests. In order to characterize the mechanical behaviour of the tailored blanks, several weld samples extracted transversely to the weld direction were tested in tension. The reproducibility of the results was rather good out of three tests performed for each type of weld sample. In Fig. 4 are shown engineering stress-strain curves for the weld samples (S55, S66 and D56) and for both base materials. Due to the high Mg content of the AA 5182-H111 alloy, the Portevin-Le Châtelier effect is visible in the AA 5182-H111 and S55 curves. Comparing the stress-strain curves from the similar welded samples (S55 and S66) with those obtained for the correspondent base materials, it is possible to report very small changes in strength for the S66 weld sample, relative to the AA 6016-T4 base material, and a slight increase in strength of the S55 weld sample relative to the AA 5182-H111 base material. Both similar weld samples show a decrease in ductility (∆l/l 0 ) relative to the base materials, being this decrease more important for the S66 weld. The stress-strain curve for the D56 weld samples show, for low deformation levels, a small increase in strength relative to both base materials. In fact, the yield stress in this curve is very similar to that of the S55 sample, but rapidly the stress levels decrease falling between the curves of both base materials composing the weld. Due to the high heterogeneity of the bi-material weld zone (Fig. 1.c) , the global ductility of the dissimilar weld is much lower than that of the other samples.
Similar Weld Sample S55
Formability tests -Deep-drawing tests were performed using circular blank specimens (with 200 mm diameter) from the two base materials and similar welded sheets. Figure 5 shows punch forcedisplacement curves for all types of blanks. Analysing the graph it is possible to observe differences in punch force evolution for the base materials, which is in consonance with the dissimilarities in stress-strain behaviour already registered in the tensile tests. Several Axisymetrical Cylindrical Cups were stamped with success for both base materials by using the stamping parameters above described (Fig. 5.a) . 
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Concerning the welded blanks, despite the differences in mechanical behaviour registered in the tensile test between the S55 weld and the AA 5182 -H11 base material, in the formability test, the punch force evolution for both similar welded blanks is very close to that of the correspondent base materials, until around 20 mm punch displacement. After this, strong wrinkling starts in both welded blanks, accompanied by a strong decrease in the punch force relative to the base materials.
Two examples of the obtained Axisymetrical Cylindrical Cups are shown in Fig. 6 . In Fig. 6 .a is shown an AA 5182-H111base material cup, and in Fig. 6 .b and c, the outer and inner surfaces, respectively, of a S55 weld blank cup. The central hole in each sample was machined with the aim to assist the blank positioning in the deep-drawing device. As it is exemplified in this figure, no necking was observed in the weld zone for both tailored blanks, which confirms the good deformation behaviour of these solid state welds. However, the occurrence of wrinkling establishes the necessity of optimizing the stamping parameters for the tailored blanks, even when the hardness results and the mechanical behaviour in tension are very close to those of the base materials. 
Summary
The results obtained in this research showed very small differences in hardness between the welds and the base materials, for both similar and dissimilar welds, which indicates very low heterogeneity in welds mechanical properties. Tensile test results exhibited a small increase in strength, relative to the base materials, for the AA 5182-H111/ AA 5182-H111 similar welds and AA 5182-H111/AA6016-T4 dissimilar welds. The similar AA6016-T4/ AA6016-T4 welds show strength similar to the base material. All types of welds displayed lower ductility than the base materials, being the lower ductility values registered for the dissimilar welds. The formability test results showed additional difficulties in stamping the welded blanks. In fact, it was not possible to perform axisymetrical cylindrical cups, from any type of weld, by using the same stamping parameters used for the base materials. All the formed welded samples showed strong wrinkling but no necking in the weld region, which confirms good deformation characteristics of this zone.
